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Here, ε o is the dielectric permittivity in a vacuum (8.85 × 10 -12 F/m), A is the area of the electrode (m 2 ), and d is the thickness of the film (m). The dielectric constant (ε´) and dielectric loss (ε´´) are the respective real and imaginary part of complex dielectric constant (ε̽ ). The relationship among those parameters is expressed by the following Equation (2),
where i is the imaginary 1  . The dielectric constant is the stored energy in the medium, whereas the dielectric loss represents the energy dissipated. Thus, for the high-quality, low-loss low k materials, the capacitance is dominated by the dielectric constant.
Voltage coefficients of capacitance (VCCs)
The VCCs were determined by using the following equation to fit the experimental data: 2
where α and β represent quadratic and linear VCCs, respectively. Capacitance density-voltage linearity is a very important parameter for MIM capacitors (for analog/RF applications). It depends on the material properties of the dielectric stack, top and bottom electrodes used, anneal conditions, frequency at which C-V measurements are carried out, metal electrode-dielectric interface, and physical thickness of the dielectric stack.
Density power law scaling
It has been noted that the scaling factor of typical lightweight and ultralight bendingdominated structural materials are between 2 and 3. 3 The scaling law factor, n, for hyperbranched poly(amidoamine) conjugated silica (HBPCS) 4 , silica xerogel 5 , and silica aerogel 6 , was calculated to be 2.43, 3.51, and 4.67, respectively. This is in contrast to the scaling law for the hollow alumina nanolattice, which has n = 1.61. 7 This lower scaling law factor explains why the hollow alumina nanolattice can maintain its mechanical properties to a larger degree with decreasing relative density than the other porous materials mentioned above.
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